Background: Lobular carcinoma in situ (LCIS) is known to be a risk factor for the development of invasive breast cancer. Debate continues as to whether LCIS is also a precursor lesion. We hypothesized that, if LCIS were a precursor, its presence in the lumpectomy specimen, particularly at the margin, could increase local recurrence (LR) after breast-conserving therapy (BCT).
and mastectomy was the recommended treatment. Subsequent work demonstrating a bilateral risk of breast cancer and a predominance of infiltrating ductal carcinomas resulted in LCIS being considered as a risk factor for, rather than a precursor for invasive lesions, 2, 3 and treatment with unilateral mastectomy was largely abandoned. However, recent studies comparing the molecular signatures of LCIS and coexisting invasive lesions [4] [5] [6] have reopened the debate regarding the true significance of LCIS and its possible malignant potential. This has resulted in confusion regarding the proper management of LCIS when it is found in conjunction with invasive disease or ductal carcinoma in situ (DCIS). Studies examining this question have been small, have often included patients with invasive carcinoma or DCIS at resection margins, and have had discordant results. [7] [8] [9] [10] [11] The lack of consensus on this topic is illustrated by the results of a recent online survey by the American Society of Breast Disease which posed the question of appropriate management of a patient with LCIS at the margin of a lumpectomy for invasive cancer; 40% of those who replied stated that they consider re-excision in this circumstance, and 8% always performed a re-excision. 12 If LCIS is truly a precursor lesion, than its presence in a lumpectomy specimen, particularly at the margin, should increase local recurrence (LR) in patients treated with breast-conserving therapy (BCT). In an attempt to test this hypothesis, we compared local recurrence rates in patients with and without LCIS who underwent BCT for the treatment of invasive carcinoma or DCIS.
METHODS AND MATERIALS
The study population consisted of women with American Joint Committee on Cancer (AJCC) stages 0-II 13 breast cancer treated with BCT between January 1980 and May 2007. Exclusion criteria included the presence of DCIS or invasive carcinoma at the final resection margin and the receipt of neoadjuvant therapy. All patients received whole-breast irradiation (RT).
Patients were identified in a database housed in the Fox Chase Cancer Center Department of Radiation Oncology, which is maintained by a single data manager. The protocol for data collection, storage, and retrieval is compliant with the hospital Institutional Review Board (IRB) and Federal Health Insurance Portability and Accountability Act (HIPAA) regulations. Patients had surgery at both the Fox Chase Cancer Center and other hospitals. If patients belonged to the latter group, their pathology slides and imaging studies were reviewed prior to the initiation of RT to confirm eligibility for breast-conserving therapy and to verify tumor stage, histology, and margin status. The definition of LCIS did not change during the period of the study. LCIS was defined as the replacement of mammary acini and intralobular ductules with neoplastic cells characterized by scanty cytoplasm and small, round, cytologically bland nuclei without nucleoli. Expansion of the acini and ductules is seen as a result of these cells, and enlargement of the entire lobule may occur. Although atypical lobular hyperplasia features the same bland neoplastic cells, it was distinguished from LCIS by the failure to enlarge complete lobules and lack of complete replacement of the mammary acini with the neoplastic process. The terms LCIS and atypical lobular hyperplasia were not used interchangeably during the time period of this study. Details of the radiation treatment policy during the period of this study have been described previously. 14 In brief, all patients were treated with RT using breast tangents to a median dose of 46 Gy. Most patients were treated by a 6 MV linear accelerator. The primary tumor bed was boosted in 99% of patients, almost all with electrons. Some patients in the early years of the study period received an interstitial implant or photon breast boost, while some patients in the later years of the study period received higher 10 MV or 18 MV beams with a beam spoiler. The total radiation dose to the tumor bed was generally determined by the extent of surgery and the final margin status, and ranged from 44-66 Gy with a median dose of 60 Gy. Axillary staging was performed by axillary lymph node dissection or sentinel lymph node biopsy depending on the era in which the patient was treated and the presence of lymph node involvement. Patients received adjuvant chemotherapy and/or hormonal therapy as recommended by medical oncology based on tumor characteristics, hormone receptor status, and the overall health of the patient.
Follow-up information was obtained from the medical records of the Fox Chase Cancer Center, outside correspondence, or, if there had been no contact for 12 months, by contacting the patients' last known treating physician. The overall rate of loss to follow-up (defined as no follow-up for greater than 5 years) was 593 of the 3487 patients in the database (17%). If patients experienced a recurrence and were treated at an outside institution, pathology reports and relevant clinical data were obtained from the institution at which the patient was treated. There were 2894 consecutive patients meeting the inclusion criteria for this study, including 2722 who received their primary breast RT at Fox Chase Cancer Center and 172 who received their RT at the Hospital of the University of Pennsylvania but who are now patients of the Department of Radiation Oncology at Fox Chase Cancer Center. The database was used to identify patients who had LCIS present in their pathology specimens as defined on the original pathology report. No attempt was made to retrieve and/or re-review slides for the entire study population. When LCIS was present in the specimen, it was defined as being present at the final margin if LCIS was described as touching an inked surface. Margins were defined as close for invasive carcinoma or DCIS if tumor cells were within 2 mm of an inked margin. The primary endpoint of the study was LR in the ipsilateral breast. A true recurrence/marginal miss (TR/MM) was defined as a recurrence of the index lesion within the same quadrant of the breast, in the region of the lumpectomy cavity or the boost field (if given). 15 Regional nodal recurrences were not considered local recurrences for the purpose of this study.
Univariate analysis was performed using the Kaplan-Meier estimation model. The multivariate analysis was carried out using a Cox proportional hazard model to look for independent predictors of LR. A stepwise data reduction procedure was used to look for the most parsimonious model.
RESULTS
The study population consisted of 2894 women with a median age of 58 years (range 20-94 years). Seventy percent of patients were postmenopausal. Median follow-up was 72 months (range 1-296 months). Median tumor size was 1.5 cm. The diagnosis of carcinoma was made by mammography alone in 54% of patients; 12% of tumors were only evident on physical exam; and the remaining 34% were evident on both mammography and physical exam. Invasive ductal carcinoma (IDC) was present in 2087 (72%) patients, 245 (9%) had invasive lobular carcinoma (ILC), 386 (13%) had pure DCIS, and 176 (6.0%) patients had other invasive histologies. Axillary nodal metastases were present in 605 (21%) patients. Adjuvant systemic therapy was given to 1738 (60%) patients; 14% received chemotherapy alone; 31% received tamoxifen alone; and 16% received both chemotherapy and tamoxifen. The characteristics of the entire patient population are summarized in Table 1 . LR as the first site of failure occurred in 112 patients, a crude rate of local recurrence of 3.9%. LR was observed in 8 patients concurrent with a regional recurrence, and in 11 patients at the time of distant recurrence. Isolated LR occurred at the site of the original tumor or adjacent to it (true recurrence or marginal miss) in 56% of cases, elsewhere in the breast in 35%, and as skin or diffuse inflammatory recurrence in 7%. The site of LR was unknown in 2%. The median time to LR was 70 months (range 6-260 months). The 5-and 10-year actuarial LR rates for the entire population were 2% and 6%, respectively.
LCIS was present in 290 of the 2894 (10%) patients studied. The characteristics of patients with and without LCIS are compared in Table 2 . The median age of patients with LCIS in the specimen was 57 years, 1 year younger than that of patients without LCIS (P = 0.05), but the percentage of premenopausal patients was slightly higher in the no LCIS group (P = 0.003). The diagnosis of LCIS occurred more frequently in recent years, with 43% of cases with LCIS diagnosed in 2001 or later, compared with only 28% of cases without LCIS (P \ 0.0001) diagnosed during this time period. The median tumor size of the invasive cancers seen in association with LCIS was slightly smaller than the tumor size seen without LCIS (1.2 versus 1.4 cm, P = 0.005), but there was no difference in nodal status or TNM stage groups between patients with and without LCIS. Consistent with this size difference, patients with an LCIS component were more likely to have tumors detected by mammography alone than their counterparts without an LCIS component (P = 0.01). Significant differences in tumor histology were noted between groups. Infiltrating lobular carcinoma was present in 47% of patients with LCIS compared with only 4% of those with no LCIS (P \ 0.0001). This difference in histology also resulted in significantly more patients in the LCIS group having estrogen or progesterone receptorpositive tumors, and significantly fewer patients having grade 3 tumors or lymphovascular invasion (Table 2 ). An extensive intraductal component was present in 13% of LCIS patients and 10% of those without LCIS, and was not reported for 23% and 29% of patients in these groups, respectively. The proportion of patients with invasive carcinoma or intraductal carcinoma within 2 mm of the margin surface did not differ between groups.
The crude rate of local recurrence in the patients with LCIS in the specimen was 4.4% compared with 3.8% for those without LCIS (P = 0.39). The median time to LR in the LCIS group was 58 months (range 7-284 months) compared with 71 months (range 6-286 months) for the groups without LCIS (P £ 0.0001). For the patients with LCIS, 69% of the recurrences were TR/MM compared with 55% for those without LCIS (P = NS). The location of the local recurrences in the patients with and without LCIS is summarized in Table 3 .
In 84 of the patients with LCIS, the LCIS was present at the specimen margin. These patients did not differ significantly from the entire group of patients with LCIS in demographics, tumor characteristics, or treatment. The 5-year actuarial rate of LR for patients with and without LCIS was 2% for both groups (P = NS). When the LCIS group was divided according to the presence of LCIS at the margin, the 5-year actuarial rate of LR for patients with margins free of LCIS was 1%, compared with 6% for patients with LCIS present at the margin (P = NS). The median time to LR for the patients with LCIS at the final margin was 61 months, which did not differ significantly from the median time to LR of 58 months for patients with LCIS present, but not at the margin (P = NS). All of the recurrences (n = 3) in the group of patients with LCIS at the final margin occurred as TR/MM, a crude LR rate of 3.6% for the 84 patients in this subset. The 10-year actuarial rate of local recurrence for patients with no LCIS was 6%, the rate for those with LCIS present but not at the margin was 15%, and the rate for those with LCIS at the margin was 6%. These differences were not statistically significant. Actuarial freedom from local recurrence curves are shown in Figs. 1 and 2. Patients with DCIS and those with invasive carcinoma were analyzed separately to determine if the effect of LCIS differed in these groups. No significant difference in 5-or 10-year rates of LR for patients with DCIS with no LCIS, LCIS at the margin, or LCIS in the specimen but not at the margin was observed (P = 0.89). No difference in LR in these three subgroups was observed for patients with invasive carcinoma at 5 or 10 years (P = 0.23).
A univariate analysis examining significant predictors of local recurrence was carried out for all the variables included in Table 2 . Patient age, menopausal status, and the use of adjuvant therapy were highly significant predictors of local recurrence. The presence of an extensive intraductal component also significantly predicted for local recurrence, while method of tumor detection and nodal status approached statistical significance. The presence of LCIS in the specimen or at the specimen margin was not a significant predictor of local recurrence in univariate analysis. A multivariate analysis incorporating LCIS was carried out to adjust for differences among the cohorts with and without LCIS ( Table 4) . No significant effect of LCIS on local recurrence was observed in this model. The presence of LCIS in the specimen, but not at the margin (hazard ratio 1.66; 95% CI 0.86-3.18) and LCIS at the margin (hazard ratio 1.52; 95% CI 0.48-4.83) were not significantly associated with LR.
DISCUSSION
Although LCIS was first described by Foote and Stewart in 1941, 1 management of the patient with LCIS, both alone or in conjunction with invasive carcinoma, has remained controversial. Until relatively recently, LCIS was accepted as a risk factor for the development of invasive breast carcinoma in both the affected and nonaffected breast. 2, 3 Recently, several lines of evidence have suggested that LCIS may be a precursor of invasive carcinoma, resulting in the need to reevaluate its clinical management when it occurs in conjunction with invasive carcinoma or DCIS. Evidence suggesting that LCIS may be a precursor lesion includes the significantly greater risk of developing cancer in the ipsilateral breast after a diagnosis of LCIS reported in recent studies, 16, 17 the high proportion of infiltrating lobular carcinomas that occur following a diagnosis of LCIS, usually seen in the same quadrant of the breast where LCIS was identified, 17 the presence of shared molecular alterations in LCIS and coexisting ILC, 6, 18 and the recognition of histologic variants of LCIS, such as pleomorphic LCIS with molecular profiles suggestive of a more aggressive biology. 18 If LCIS is a precursor lesion, its presence in the lumpectomy specimen, particularly at the specimen margin, would be expected to be associated with an increased risk of local recurrence. In this study, which included 290 patients with LCIS, we found no evidence that the presence of LCIS at the margin or in the lumpectomy specimen increased the incidence of local failure after treatment with excision and radiotherapy. The presence of LCIS in the specimen, but not at the margin, is relevant to the question of the biology of LCIS as a precursor, since studies of mastectomy specimens have demonstrated that more than 50% of patients diagnosed with LCIS have multiple foci in the ipsilateral breast. 3 If LCIS is a precursor lesion, patients with LCIS at the specimen margin would be anticipated to have a higher incidence of TR/MM recurrences, while those with LCIS in the specimen but not at a margin might be expected to have an increase in recurrences in other areas of the breast (i.e., ''elsewhere'' recurrences). No trend toward either of these outcomes was observed.
Other studies which have examined the impact of LCIS on local control after breast-conserving therapy are summarized in Table 5 . [7] [8] [9] [10] [11] The majority of these studies have found no relationship between LCIS and local recurrence. Our study confirms these results in a large group of patients all known to have margins free of invasive carcinoma or DCIS. Prior studies, including an earlier report from the Fox Chase Cancer Center that found LCIS to be associated with an increased risk of local recurrence, 11 have included patients with positive or unknown margin status. Approximately 22% of patients in the initial Fox Chase Cancer Center study had positive or unknown margins, a finding known to be associated with LR, making interpretation of the positive results of that study difficult. Margins free of invasive or intraductal carcinoma were a requirement for entry into our study, and the proportion of patients with margins of 2 mm or less did not differ between groups. In addition, with the exception of the report of BenDavid et al., 8 which was a matched pair analysis, other studies that have examined this question have not taken into account the increased frequency of the diagnosis of LCIS in more recent time periods. This is important since rates of local recurrence have decreased steadily over time, 19, 20 and differences in the dates of treatment of patients with and without LCIS have the potential to mask the effect of the lesion on local control. Local recurrence rates have decreased over time due to improved techniques in both surgery and RT, more detailed pathologic evaluation of margin status, and increased use of adjuvant therapies such as tamoxifen. The decline in LR in more recent time periods, coupled with the increased frequency of the diagnosis of LCIS in the same time period, has the potential to obscure the effect of LCIS on local control if not taken into account. The studies of Moran and Hafty 10 and Abner et al. 7 report considerably higher rates of local recurrence in the non-LCIS control groups than are observed today, and may not be relevant to current practice. In common with the study of Jolly et al., 9 we found that the presence of LCIS was associated with a higher incidence of infiltrating lobular carcinomas, a lower grade of invasive carcinomas, a higher likelihood of estrogen receptor positivity, and a greater use of tamoxifen. The 10-year local failure rate of 7% reported for their control group is very similar to the 6% reported in our study, but in contrast to the doubling of the risk of local recurrence that they observed in the LCIS group, we did not see a significant difference in LR. The reasons for this are not clear. One difference between our study and theirs is that we did not review the pathology slides, but based our classification of the presence or absence of LCIS on the initial diagnosis, while Jolly et al. conducted a review of the pathology specimens of both cases and controls. The number of cases initially classified as having LCIS who were found not to have LCIS on re-review is not stated, nor is the number of cases in the control group found to have LCIS. Ben-David et al. reviewed all of their LCIS cases and a 10% sample of their control group and no misclassified cases were found. Based on these findings, we believe that it is extremely unlikely that there are significant numbers of patients in our study whose LCIS status was misclassified. All of the pathology was read by a group of pathologists whose practice was limited to cancer, and all specimens from outside institutions were reviewed at the Fox Chase Cancer Center. While we acknowledge that failure to re-review the pathology slides is a potential weakness of this study, the large sample size makes this impractical. Our finding of no impact of the presence of LCIS on LR is concordant with the majority of published data on this subject, including the study of Ben-David et al. in which a pathology review was conducted. While our study and the bulk of the published literature provides reassurance that the presence of LCIS in association with invasive or in situ carcinoma should not be considered when assessing patient suitability for BCT or the need for re-excision, studies of pure LCIS indicate that the time to development of cancer after a diagnosis of LCIS may be extremely prolonged. In the study of Rosen et al. the average interval to the development of cancer was 20.4 years after biopsy, 3 although in the study of Page et al. 75% of cancers developed within 15 years of biopsy. 21 The median follow-up of our study was 5.2 years, so we cannot exclude the possibility that, with a longer follow-up duration, an impact of LCIS on local recurrence might be observed. However, the time to LR in patients with LCIS (58 months) was significantly shorter than the time to LR in those without LCIS (71 months; P \ 0.0001), making it unlikely that further follow-up would change the study outcome. In addition, other published studies have median follow-up periods ranging from 3.9 to 13.4 years, and those with the longest follow-up periods do not demonstrate an association between LCIS and local recurrence. Our study included patients who were recognized as having LCIS prior to the advent of e-cadherin staining, and the conclusions cannot be extrapolated to patients with uncommon morphologic variants of LCIS, such as pleomorphic LCIS which may not have been classified as LCIS during the time period of our study. Further information on the natural history of these lesions is needed to determine their impact on surgical therapy.
In conclusion, our study did not find a statistically significant increase in LR in patients found to have LCIS coexistent with invasive carcinoma or DCIS treated with breast-conserving surgery and RT. Therefore, we believe that re-excision is not indicated if LCIS is present or close to margin surfaces. As long as final margins are negative for invasive carcinoma or DCIS, patients with LCIS should receive postoperative RT and adjuvant therapy in the same manner as those without LCIS, and are appropriate candidates for breast conservation.
